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ABSTRACT 

We present spectroscopic observations of the host galaxy and explosion site of long-duration gamma- 
ray burst GRB 020819. We determine a metallicity for this host environment of log(0/H) + 12 = 
9.0 ± 0.1, by far the highest metallicity determined for a long-duration GRB to date. We compare 
the metallicity and other properties of the GRB 020819 host environment to existing observations 
of long-duration GRB host galaxies, and consider the implications that this metallicity has for our 
understanding of long-duration GRB progenitor scenarios. We also consider how this unusually high 
metallicity may relate to the status of GRB 020819 as a "dark" burst, with no detected optical 
afterglow. 



1. INTRODUCTION 

Long-duration gamma-ray bursts (LGRBs), with a 
duration of >2 s, are typically associated with the 
core-collapse of rapidly-rotating massive stars (Woosley 
1993). These events are commonly accompanied by 
multi- wavelength afterglows and broad-lined Type Ic su- 
pernovae (e.g. Galama et al. 1998, Stanek et al. 2003, 
Woosley & Bloom 2006). Several recent studies have pre- 
sented evidence that LGRBs may occur preferentially in 
low-metallicity environments, a conclusion supported by 
both inferred (e.g. Fruchter et al. 1999, 2006; Fynbo et 
al. 2003; Le Floc'h et al. 2003), and directly measured 
metallicities (e.g. Stanek et al. 2006, Modjaz et al. 2008, 
Kocevski et al. 2009). 

Most recently, in Levesque et al. (2010a) we published 
the first results from a spectroscopic survey of LGRB 
host galaxies, calculating metallicities and other ISM 
properties for 10 LGRB hosts. A statistical compar- 
ison of this sample to the general star-forming galaxy 
population presents evidence that the ISM properties of 
these 10 LGRB host galaxies are offset from the general 
population, and have low-metallicity environments out 
to z 1. This low-metallicity trend agrees with predic- 
tions of stellar evolutionary theory (assuming a single- 
star progenitor model), which postulate that the rapid 
rotation required to produce a GRB demands low line- 
driven mass loss rates in the progenitor (e.g. Woosley & 
Heger 2006), following the mass loss- metallicity relation 
of M„ cx (Vink et al. 2001). However, our under- 
standing of GRB host environments and progenitors is 
still evolving, and must strive to accommodate the in- 
creasing number of unusual bursts that are detected and 
observed, as well as potential selection effects introduced 
by host galaxy luminosities and optical afterglows (e.g. 
Wolf & Podsiadlowski 2007, Fynbo et al. 2009). 

GRB 02081^ was originally detected by the High En- 

|emsque@ifa. hawaii.edu, kewley@ifa.hawaii.edu, graham@stsci.edu, 
^ Institute for Astronomy, University of Hawaii, 2bSU Woodlawn 

Dr., Honolulu, HI 96822 

^ Predoctoral Fellow, Smithsonian Astrophysical Observatory 
^ Space Telescope Science Institute, 3700 San Martin Dr., 

Baltimore, MD 21218 

^ While this burst is commonly referred to in the literature as 

GRB 020819, it is officially designated as GRB 020819B, following 

the IPN detection of GRB 020819A ~7 hours earlier on 19 Aug 



ergy Transient Explorer (HETE), and found to have the 
energetic properties of a typical long burst, with a du- 
ration of Tgo ~ 20s and a peak brightness of ~5 crab 
(Hurley et al. 2002, Vanderspek et al. 2002). However, 
follow-up observations of the burst detected no optical af- 
terglow to a limiting magnitude of i? = 22.2 and K' — 19 
at only 9 hours after the burst; this lack of an optical 
afterglow detection classifies GRB 020819 as a "dark" 
burst (Levan et al. 2002, Klose et al. 2003). Frail & 
Berger (2002) detected a radio afterglow associated with 
the burst, and Levan et al. (2002) find this position to 
be coincident with a clearly resolved galaxy at i? ^ 19.8. 
Jakobsson et al. (2005) later confirmed that this galaxy, 
at a redshift of z = 0.41, was the likely host of GRB 
020819, with a chance superposition probability of 0.8%. 
The radio afterglow is specifically located on a faint R w 
24 "blob" of emission, ^3" from the bright barred spiral 
host and assumed to be at the same redshift (Jakobsson 
et al. 2005). 

Klose et al. (2003) speculate that the dark nature of 
GRB 020819 could be due to large amounts of dust ex- 
tinction in the host. Under this hypothesis, the optical 
afterglow could have been extincted past the limits of de- 
tection by a high host Ay- Jakobsson et al. (2005) con- 
sidered this possibility in the context of the host redshift. 
Using fits to the radio light curve to predict maximum 
optical fluxes for a variety of afterglow models, they find 
that a modest amount of extinction - Ay 0.6-1.5 mag 
- is required to extinguish an optical afterglow with a 
classical luminosity. However, it is also possible that the 
optical afterglow of GRB 020819 is undetected due to in- 
trinsically low luminosity, a scenario proposed for other 
dark bursts (e.g.. Fryer et al. 1999, Dc Pasquale et al. 
2003, Jakobsson et al. 2004, Rol et al. 2005). 

Levesque et al. (2010a) include the host galaxy of GRB 
051022, another dark burst, in their sample, and find a 
metallicity of log(0/H) -I- 12 = 8.62 according to the R23 
fruchti^Wfls^^&P^ Kewley & Dopita (2002; see also Kewley & 

HElITson ZOijB) . They also find that this host has a modest 

level of extinction,' with E(B -V) = 0.50 {Ay = 1.55). 
Graham et al. (2009) examine the host of GRB 051022 in 
detail, finding a similarly high metallicity. They specu- 
late that this high metallicity might correlate with GRB 
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051022's status as a dark burst, and encourage obser- 
vations of the GRB 020819 host, which with its lower 
redshift permits a more detailed study of the precise ex- 
plosion environment for the burst progenitor. 

In this Letter we investigate the host environment of 
GRB 020819 in detail. In Section 2, we detail our ob- 
servations of the host galaxy and explosion site of GRB 
020819. We derive a number of ISM properties based 
on these spectra, and compare these parameters, along 
with emission line diagnostic ratios, to other LGRB host 
galaxies, star-forming galaxy samples from the general 
population, and stellar population synthesis and pho- 
toionization models (Section 3). Finally, we consider the 
implications of this unusual LGRB host environment on 
our current understanding of LGRB progenitor scenarios 
(Section 4). 

2. OBSERVATIONS 

We obtained two separate spectra of the GRB 020819 
spiral host galaxy, using the Low Resolution Imaging 
Spectrograph (LRIS; Oke et al. 1995) on the Keck I 
telescope at Mauna Kea. On 2 November 2008 we ob- 
tained a spectrum of the host galaxy's nucleus, and on 
19 November 2009 we obtained an additional spectrum of 
the star-forming region associated with the GRB 020819 
radio afterglow (Jakobsson et al. 2005). We used the 
long 1" slitmask (~5.3 kpc at the distance of the host) 
for both observations along with the 300/5000 grism, the 
680 dichroic, and the 400/8500 grating at a central wave- 
length of 8IOOA. In 2008 the slit was centered on a nearby 
bright star and turned to the position angle that would 
place both the star and the nucleus of the GRB 020819 
host on the slit (PA = 345.88°). In 2009, the slit was po- 
sitioned such that both the host galaxy nucleus and the 
"blob" designated as the explosion site by Jakobsson et 
al. (2005) were positioned on the slit (PA = 9.5°). As a 
result, the observations were not taken at the parallactic 
angle. 

The data were reduced using IRAI0. We used the 
IRAF tasks Irisbias and multi2simple distributed by 
the W. M. Keck Observatories to subtract overscan from 
the images. The spectra were extracted using the apall 
task in the kpnoslit package. Wavelength and flatfield 
calibrations were performed based on our observations of 
internal lamp flat fields and Hg, Ne, Ar, Cd, and Zn com- 
parison lamp spectra. Flux calibration was performed 
using our observations of the spectrophotometric stan- 
dard GD 248 (Oke 1990) on both nights. 

From our 2008 observations, we detected [OIIJA3727, 
H/3, [OIII]A5007, Ha, and [NII]AA6548,6584 features in 
emission for the host galaxy nucleus. In 2009, problems 
with the response of the blue side CCD unfortunately 
prevented detection of H/3 and [OIIIJA5007 emission fea- 
tures in the explosion site spectra; however, [OIIJA3727, 
Ha, and [Nil] AA6548, 6584 emission features were de- 
tected at a redshift of z = 0.41, confirming its association 
with the bright spiral host. Emission line fluxes were de- 
termined using the IRAF task splot in the kpnoslit 
package to fit Gaussians to the line profiles. The de- 
tected emission lines for the nucleus and explosion site 
spectra are shown in Figure 1. 

S IRAF is distributed by NOAO, which is operated by AURA, 
Inc., under cooperative agreement with the NSF. 



3. ANALYSES 
3.1. ISM Properties of the GRB 020819 host galaxy 

We determined E(S — V) in the direction of GRB 
020819 based on Ha and H/3 fluxes measured in the 
nucleus spectrum. We adopt the Cardelli et al. (1989) 
reddening law with Ry = 3.1, a Balmer decrement of 
Ha/H;9 = 2.87 (following Osterbrock 1989 for case B 
recombination), and the wavelength-dependent constant 
k(Ha) = 2.535 (Cardelh et al. 1989). We find a total line- 
of-sight E(B -V) = 0.71 mag for the nucleus of the GRB 
020819 host galaxy; when Galactic extinction E(i3 — V) 
— 0.07 in the direction of the host (Schlegel et al. 1998) 
is accounted for, this suggests a host 'Ei[B — V) = 0.64, or 
a host Ay = 1.98. In the absence of an H/3 detection in 
the "blob" spectrum, we cannot determine an E(i3 — V) 
for the explosion site. However, our Ay exceeds the re- 
quired host extinction of Ay ~ 0.6 — 1.5 mag proposed 
by Jakobsson et al. (2005) to account for the absence of 
an optical afterglow. We adopt E(i3 — V) — 0.71 as an 
approximation for the amount of extinction present at 
the explosion site. 

The metallicity diagnostics presented in Kewley & Do- 
pita (2002) and Kewley & Ellison (2008) use strong opti- 
cal emission line ratios to determine metallicities and ion- 
ization parameters based on equations derived from pho- 
toionization models. Using the Kewley & Dopita (2002) 
polynomial relation between [NII]A6584/[OII]A3727 and 
metallicity, we find log(0/H) + 12^ 9.0 ± 0.1 for the nu- 
cleus of the GBR 020819 host galaxy. We also adopt the 
[NII]A6584/Ha diagnostic relation presented in Pettini 
& Pagel (2004), a diagnostic independent of extinction 
effects, and find a metalhcity of log(0/H) -I- 12 = 8.8 ± 
0.1. As this calibration is based on an empirical fit to 
electron-temperature based metallicities, it is known to 
be systematically offset from calibrations derived from 
theoretical photoionization models by ^0.2-0.3 dex; this 
is in agreement with the metallicity discrepancy seen here 
(e.g. Kewley & Ellison 2008 and references therein). 

From our spectrum of the explosion site, we similarly 
find log(0/H) -h 12 = 9.0 ± 0.1 adopting the Kew- 
ley & Dopita (2002) [Nil] /[OH] relation and log(0/H) 
+ 12 8.7 ±0.1 adopting the Pettini & Pagel (2004) 
[[NII]A6584/Ha diagnostic. For these abundance deter- 
minations we adopt the E(i? — V)^ 0.71 associated with 
the nucleus of the host. At lower 'Ej{B~V) the metallicity 
derived from the Kewley & Dopita (2002) [Nil] /[OH] re- 
lation increases (and vice versa), but the Pettini & Pagel 
(2004) [NII]/Ha metallicity stays constant; as a result we 
use this metallicity diagnostic for comparison throughout 
the remainder of this Letter. The metallicity measured 
at the explosion site is identical to that measured at the 
nucleus, to within the errors. 

Adopting R magnitudes from Jakobsson et al. (2005), 
and ^ -21.57 from Brown et al. (2001), we find a 
luminosity of ~ 2L* for the host galaxy and ~ 0.05L* 
for the explosion site. We determine a young stellar pop- 
ulation age of 7.8 ± 0.9 Myr for the nucleus of the GRB 
020819 host galaxy, based on a relation with the equiva- 
lent width of the H/3 emission line from Levesque et al. 
(2010a, eqn. 2); however, we are unable to apply this age 
determination to the explosion site due to our lack of an 
H/3 emission line detection. For the nucleus we find an 
extinction-corrected star formation rate of 23.6 M0/yr 
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based on the flux of the Ha line (Kennicutt 1998); for 
the explosion site we find 10.2 Mq/yt. 

The ISM properties of the GRB 020819 host galaxy 
nucleus and explosion site are summarized in Table 1. 

3.2. Comparison With LGRB Host Galaxies 

In Figure 2 we compare GRB 020819 to six other z <1 

LGRB host galaxies from Levesque et al. (2010a) on a 
plot of young stellar population age vs. metallicity. For 
comparison we also include a sample of 7 z < 0.1 metal- 
poor galaxies from Brown et al. (2008) and a sample of 
blue compact galaxies from Kong & Cheng (2002; for fur- 
ther discussion of these comparison samples see Levesque 
et al. 2010a). It is evident that both the metallicity and 
age of the GRB 020819 host galaxy set it apart from the 
current sample of LGRB host galaxies. Adopting the 
Pettini & Pagel (2004) [Nil] /Ha metallicity diagnostic, 
the explosion site metallicity of log(0/H) + 12 = 8.7 
± 0.1 is considerably higher than the mean LGRB host 
metaUicity of log(0/H) + 12 = 8.1 ± 0.2 derived using 
the same diagnostic. Similarly, the young stellar pop- 
ulation age of 7.8 ± 0.9 Myr determined for the GRB 
020819 host galaxy nucleus is older than the mean age 
of 5.2 ± 0.15 Myr calculated for the young stellar popu- 
lations of LGRB host galaxies. Both of these disparities 
suggest that the progenitor of GRB 020819 formed in a 
markedly different environment than that seen in other 
LGRB host galaxies. 

In Figure 3 we place our GRB 020819 host observa- 
tions on the [NII]/Ha vs. [0III]/H/3 emission line ratio 
diagnostic diagram of Baldwin et al. (1981; top) and the 
[Nil] /[OH] vs. [QUI] /[OH] diagnostic diagram of Do- 
pita et al. (2000; bottom), comparing its placement to 
the six LGRB hosts from Levesque et al. (2010a). Also 
included on these diagrams for comparison is a sample 
of 60920 ^ < 0.1 star- forming galaxies from Kewley et 
al. (2006), as well as the sample of mctal-poor galaxies 
from Brown et al. (2008). Finally, we include the new 
grid of stellar population synthesis and photoionization 
models published in Levesque et al. (2010b), to provide 
an independent comparison of metallicity and ionization 
parameter. We can see that emission line diagnostic ra- 
tios determined for both the GRB 020819 host galaxy 
nucleus and explosion site arc distinct from the LGRB 
host galaxies of Levesque et al. (2010a). In Figure 3 
(bottom) we do see one LGRB host galaxy that appears 
to have a similarly high metallicity; however, this data 
point represents the host galaxy of GRB 031203, which 
has shown evidence of AGN activity that may contami- 
nate emission-linc-based determinations of its ISM prop- 
erties (Levesque et al. 2010a). The GRB 020819 host 
galaxy shows no similar signs of such activity; in both 
diagnostic diagrams the GRB 020819 host appears to be 
very similar to a typical star-forming SDSS galaxy, in 
marked contrast to the other LGRB host galaxies. 

4. DISCUSSION 

Our spectroscopic observations and metallicity diag- 
nostics have demonstrated that GRB 020819 did not oc- 
cur in a low- metallicity region of the spiral host, but 
rather that the progenitor formed and evolved in a host 
environment with a super-solar metallicity. This is fur- 
ther supported by examining the position of the GRB 



020819 nucleus and explosion site on the emission line di- 
agnostic diagrams of Figure 3. This high metallicity sets 
GRB 020819 apart from all other LGRB host galaxies 
examined to date - while some hosts appear to have so- 
lar or near-solar metallicities based on afterglow spectra, 
the relationship between afterglow absorption metallic- 
ities and emission-line metallicities has not been exam- 
ined and these values may not be directly comparable. 
It is also possible that higlicr-metallicity host galaxies 
might be missing from the current sample due to selec- 
tion effects; the size and nature of this bias is addressed 
in detail in Graham et al. in prep. 

Due to the young lifetimes (< 10 Myr, Woosley et al. 
2002) associated with the assmned massive star progen- 
itors of LGRBs, we can take the metallicities of their 
host environments to be representative of the progenitor 
star metalUcities. The high-metallicity ISM environment 
that produced GRB 020819 is therefore particularly sur- 
prising in the context of our current understanding of 
progenitor scenarios and evolution for LGRBs. It has 
been suggested that low metallicities are required to pro- 
duce the rapidly-rotating progenitors and relativistic ex- 
plosions associated with LGRBs (e.g. Vink et al. 2001, 
Meynet & Maeder 2005, Woosley & Heger 2006) and the 
general low metallicity trend seen in LGRB host galax- 
ies supports this claim (e.g. Modjaz et al. 2008, Ko- 
cevski et al. 2009, Levesque et al. 2010a). However, the 
exact nature of this correlation between metallicity and 
GRB progenitors remains unclear. The recent Type Ic 
supernova SN 2009bb was found to have a central-engine- 
driven relativistic component similar to that associated 
with LGRBs, although no accompany gamma-ray trigger 
was associated with the event (Soderberg et al. 2009). 
The host environment of this supernova was found to 
have a very high metallicity (Levesque et al. 2010c), con- 
tradicting the supposition that engine-driven relativistic 
supcrnovae could only be produced in low-metallicity en- 
vironments. 

While its metallicity is not as high by comparison, the 
only other LGRB host galaxy with a ~ metallicity is 
GRB 051022. Graham et al. (2009) point out that GRB 
051022 is, like GRB 020819, a "dark" burst, and pos- 
tulate that the higher metallicity seen in GRB 051022 
may be shared by the GRB 020819 host environment, 
a speculation that has been confirmed by these results. 
The question of what role high metallicity might play 
in the production of "dark" bursts is an intriguing one, 
and requires a detailed comparison of the host environ- 
ments and energetic properties of these two bursts (see 
Graham et al., in prep, for a comparison of GRB 020819 
and GRB 051022 as well as new HST observations of 
the GRB 051022 host galaxy). While both host galax- 
ies include a moderate amount of extinction (Ay = 1.55 
for GRB 051022, Ay = 1.98 for GRB 020819), we can- 
not rule out the possibility that direct effects of high 
metallicity environments on progenitor evolution might 
be responsible for the "dark" nature of these bursts. For 
example, the enhanced mass loss rates associated with 
higher metallicities could potentially contribute to large 
amount of circumburst extinction, an artifact of larger 
amounts of mass lost during the progenitor's lifetime 
(e.g., Vink et al. 2001). This is particularly intriguing if 
anisotropics in stellar winds and mass loss are considered 
for a single-star progenitor model. Polar mass ejections 
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TABLE 1 

GRB 020819 Host Environment ISM Properties 





Measured Emission Line Fluxes'' 




Derived ISM Properties 




Region 


z [OH] 


H/3 


[OIII] Ha [Nil] 




log(0/H) + 12 Age 


SFR 




3727A 




(5007A 6584A 


(mag) 


[Nil] /[OH] [Nil] /Ha (Myr) 


(Mo yr-i) 


Nucleus 


0.411 2.41 


1.66 


0.86 9.62 4.10 


0.71 


9.0± 0.1 8.8± 0.1 7.8 ± 0.9 


23.6 


Exy)Iosi<)ii site 


0.411 0.92 




4.11 1.51 


c 


9.0± 0.1 8.7± 0.1 • • • 


10.2 



^ Uncorrected fluxes in units of 10~^^ ergs cm^ s~^ A~^. The fluxes have a systematic error of ~10% (±5%) incurred by errors in the flux 
calibration; this dominates any statistical errors. 

^ Total color excess in the direction of the galaxy, used to correct for effects of both Galactic and host extinction. 
^ Could not be calculated due to lack of an H/9 emission detection in the spectrum as a result of detector problems. 



remove much less angular momentum than equatorial 
ejections (Maeder 2002). A polar mass loss mechanism 
could both permit the production of GRB progenitors at 
higher metallicitics by allowing higher rotation rates to 
be maintained, and increase the circumburst extinction 
at the poles where the GRB itself is produced, leading to 
increased extinction of the optical afterglow. However, 
the full implications that GRB 020819 and its unusual 
host environment have for our understanding of "dark" 
bursts and their progenitor evolution still remain to be 
explored. 
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Fig. 1. — Spectra of the GRB 020819 host galaxy nucleus (top; November 2008) and explosion site (bottom; November 2009), showing 
the rest-frame optical emission lines detected in the blue (left) and red (right). 
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Fig. 2. — Comparison of age vs. metallicity for LGRB host galaxy metallicities. Included are six LGRB host metallicities from Levesque 
et al. {2010a), adopting the Pettini & Pagel (2004) [Nil] /Ha emission line diagnostic calibration (black stars) (here and in Figure 3, the 
host galaxy marked with a "*" is the host of GRB 031203, which is thought to be contaminated by AGN activity). The central bulge of 
the GRB 020819 host is shown as a red star, and the metallicity of the GRB 020819 explosion site is plotted as a red dashed line. Also 
included for comparison are a sample of metal-poor galaxies from Brown et al. (2008; blue squares) and a sample of blue compact galaxies 
from Kong & Cheng (2002; green circles). The Asplund et al. (2005) solar metallicity log(0/H) + 12 = 8.69 is plotted as a black dotted 
line. We can see that the host environment of GRB 020819 has a much higher metallicity than the other LGRB hosts included in this 
sample, and shows much more similarity to the blue compact galaxy sample as opposed to the metal-poor galaxies. 
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Fig. 3. — Placement of the GRB 020819 host galaxy nucleus (red star) and explosion site (red dashed line) on the [NII]/Ha vs. [OIII]/H/3 
(top) and [NII]/[OII] vs. [OIII]/[OII] (bottom) diagnostic diagrams. Included for comparison are six 2 < 1 LGRB host galaxies from 
Levesque et al. (2010a; black stars), a sample of 60920 z < O.l star-forming SDSS galaxies (Kewley et al. 2006; points), seven 2 < 0.1 
metal-poor galaxies from Brown et al. (2008; black dots), and the stellar population synthesis and photoionization models of Levesque et 
al. (2010b; colored grids), plotted with lines of constant metallicity and ionization parameter. The emission line ratios measured for the 
GRB 020819 host galaxy nucleus and explosion site are distinct from the other LGRB hosts included in the sample, and comparable to a 
typical star-forming SDSS galaxy. 



